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____________________________________________________________________________________________________________________ 
 
Abstract 
 
This work is aimed at monitoring a Maize crop remotely. The study area has been identified by using appropriate latitudes and 
longitudes using Earth Explorer site. Three datasets (7 Dec 2013, 8 Jan 2014, 9 Feb 2014) have been acquired from Landsat 8 
OLI (Operational Land Imager)/TIRS (Thermal Infrared Sensor) satellite periodically by providing appropriate path and row in 
order to assess the growing stages of crop. The acquired images are in the form of a set of bands. Appropriate bands are 
combined to form a multispectral RGB image. This Image is processed in the MATLAB (2011a) Tool. A spectral line graph is 
plotted by using reflectance data of the specified area of crop. We find that there is high reflectance in green bands during 
growing stage and this value gets decreased during the near harvesting stage. Also NDVI value has been calculated at each stage. 
The status of the maize crop has been concluded by experimental analysis at Laboratory and by using NDVI values. It is 
observed that the crops are healthy. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of scientific committee of International Conference on Advanced Computing Technologies and 
Applications (ICACTA-2015). 
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1. INTRODUCTION* 
Many researchers, private agencies and Governments of many countries are putting their best efforts in order to 
fulfill the food requirements of growing population across the world. The work done in this paper is based on Maize 
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crop as its yield matters a lot for many farmers, as  it is being a major  food source throughout the  world. For very 
large crop area it is difficult for the farmers to monitor its growth. With multispectral satellite imagery it is quite 
easy to monitor the crop areas remotely. 
Remote sensing is the science (and to some extent, art) of acquiring information about the Earth's surface without 
actually being in contact with it. This is done by sensing and recording reflected or emitted energy and processing, 
analyzing, and applying that information. Remote sensing process involves an interaction between incident radiation 
and the targets of interest [1].  
The range of electromagnetic spectrum is from the shorter wavelengths (including gamma and x-rays) to the longer 
wavelengths (including microwaves and broadcast radio waves). The electromagnetic spectrum is useful for remote 
sensing. The visible wavelengths cover a range from approximately 0.4 to 0.7μm [2]. 
 
The organic molecules which are most important on Earth is chlorophyll. These are essential pigments in the process 
of photosynthesis. Changes in the total concentration of foliar chlorophyll and the relative proportions of chlorophyll 
a and chlorophyll b are brought about by a variety of physiological stresses, leaf development and senescence. Such 
pigment variations relate directly to the rate of primary production. 
 
Furthermore, the chlorophylls contain a large proportion of total leaf nitrogen therefore measurements of 
chlorophyll concentration can provide an accurate indirect assessment of plant nutrient status. Hence, information 
concerning the spatial and temporal dynamics of leaf chlorophyll is of considerable value from a scientific 
viewpoint, particularly in investigations of plant–environment interactions, and from an applied perspective in 
agriculture, forestry and environmental management [3]. 
 
Tools for analyzing the image through different algorithms and mathematical indices are provided by Digital Image 
Processing of satellite data. Based on reflectance characteristics, several spectral indices have been devised to 
highlight features of interest on the image.  Normalized Difference Vegetation Index (NDVI) is a common and 
widely used index. 
Reflectivity variations of the surface materials across different spectral bands provide a fundamental mechanism for 
understanding features in remotely-sensed multispectral imagery. Chlorophyll is the key factor in reflectivity of 
vegetation which absorbs colors strongly in red wavelength, giving rise to our visible observation that healthy 
vegetation is green. But chlorophyll reflects most strongly in very near-infrared (VNIR) just beyond the visible.  
User directly interprets the biophysical information from spectral indices. NDVI which varies from -1 (blue sky) to 
1 (chlorophyll-rich vegetation) can be calculated using the equation 1.1 [4] 
ܰܦܸܫ ൌ  ேூோିோா஽ሺேூோାோா஽ሻ………………………………………………………………………………………………(1.1) 
Where:  RED (Visible red) and NIR (Near infrared) are reflectance measurements for RED and NIR bands, 
respectively. The factors like strong reflectance in NIR and strong absorption in Visible Red of specific vegetation 
distinguishes the vegetation from bare soil. NDVI for a given pixel can always result in a number that ranges from -
1 to +1; however, for natural surfaces NDVI values are within the 0 to +1 range. An NDVI close to 0 corresponds to 
no vegetation, while NDVI close to +1 (0.8 - 0.9) indicates the highest possible density of green leaves [5]. 
A multispectral image contains many bands of data. For visual display, each band of the image will be displayed one 
band at a time as a grey scale image, or in combination of three bands at a time as a color composite image [6]. 
 
 
 
1.1 LITERATURE SURVEY 
(a) Vegetation Detection in Multispectral remote Sensing images: Protective Role-Analysis of Vegetation in 
2004 Indian ocean Tsunami [4]. 
This paper shows how differences between the visible red and near-infrared (NIR) bands of a LANDSAT image can 
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be used to identify areas containing significant vegetation. 
 
(b) Getting NDVI Spectral Bands from a Single Standard RGB Digital Camera: [7] A Methodological 
Approach. 
In this paper, a generic methodology is proposed to obtain simultaneously the near-infrared and red bands from a 
standard RGB camera, after having removed the near-infrared blocking filter inside. This method has been applied 
with two new generation SLR cameras (Canon 500D and Sigma SD14). NDVI values obtained from these devices 
have been compared with reference values for a set of soil and vegetation luminance spectra. 
 
(c) Using hyper spectral Remote sensing data for Retrieving total canopy Chlorophyll and Nitrogen content 
[8]. 
This study presents the estimation of canopy chlorophyll and nitrogen content using hyper spectral reflectance data. 
A large range of canopies was simulated using the PROSAIL radiative transfer model at a 1 nm sampling interval. 
In order to estimate canopy chlorophyll content many widely used chlorophyll-related vegetation indices were 
tested. PROSAIL simulations showed that the red edge chlorophyll index was the best index that was linearly 
related to the canopy chlorophyll content over the full range of potential values. 
 
2. METHODS AND PROCEDURES 
2.1 .DATA SET ACQUISITON 
The satellite imagery data from landsat 8 OLI/TIRS can be obtained free of cost from http://earthexplorer.usgs.gov. 
One has to register into this site and by providing user name and password; one can login into this site. By providing 
appropriate path (e.g 146) and row (e.g 49), one can download the desired data set in Zipped or TARed archive 
form. The data is comprised of 11 separate image files, along with a quality assurance file (BQA) and a text file with 
metadata (date and time, corner points etc). Three sets of data have been acquired for this work on the following 
dates: 
1) December 7 ,2013 
2) January  8,  2014 
3) February 9,  2014 
These data sets are in the bundle of TIFF files. The three bands needed for natural-color (also called true-color) 
imagery: B4 is red (0.64–0.67 μm), B3 is green (0.53–0.59 μm), B2 is blue (0.45–0.51 μm). 
2.2 IMAGE ENHANCEMENT 
Steps for combining bands: To form RGB Image 
Step1. Install and open Photoshop 7.0. 
Step2. Load three bands of data B4,B3 ,B2. 
Step3. Merge all the three bands of data (channels). 
Step4. Select which bands should appear in the final image in tones of red, green, and blue. 
Step5. Adjust color levels.  
Step6. Set white and black points in the image. 
Step7. Save the image as abc.tiff file. 
For three sets of data we obtain three RGB files such as  
x 07_dec_2013.tif 
x jan_08_2014.tif 
x feb9_2014.tif 
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2.3 GEO REFERENCING THE RGB IMAGE 
The hence obtained Enhanced RGB image (obtained by applying Photoshop Tools) will lose its geo-references. So it 
has to be re-referenced by using one of the bands of the respective data sets and certain Tools such as listgeo and 
geotifcp as given below.  
Syntax: 
listgeo -no_norm original.tif > original.geo 
geotifcp -g original.geo modified.tif modified_geotiff.tif 
 
Using the above syntax we can geo reference the three sets of RGB images. We get following three sets of data such 
as 
x 07_dec_2013_geotiff.tif 
x jan_08_2014_geotiff.tif 
x feb9_2014_geotiff.tif 
Multispec is a freeware Tool. This Tool can be used to analyze geo –referenced multispectral satellite Data.  Load 
the image and Locate the crop area with help of latitude (15.4534) and longitude (75.0253) using this Tool.  Crop an 
area of 11X11 pixels which contains the study area. Repeat the process for the other data sets.  These cropped files 
are named as AOI_1.tif, AOI_2.tif and AOI_3.tif and these files are processed using the MATLAB (2011a) Tool. 
Also NDVI is calculated as follows. 
 
ܰܦܸܫ ൌ  ேூோିோா஽ሺேூோାோா஽ሻ 
…………………………………………………………………………………………………………………………
…(1.2) 
 
Where NIR is B5 band and RED is B4 band. The value of NDVI ranges from -1 to +1.A value more towards 
positive value indicates a good vegetation or good crop growth. 
 
2.4 ARCHITECTURAL DESIGN 
Data Flow Diagram (Top level DFD) – Fig 1 shows the flow of Data between different processes in a Remote 
maize crop monitoring system. A number written inside the process indicates a process number.  
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Fig 1. Top level DFD for crop monitoring system 
2.5 EXPERIMENTAL ANALYSIS 
Fig 2 Shows the screenshot of the study area with its longitude & latitude values. 
 
 
Fig. 2 Screenshot for study area 
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(a) Experiment conducted on 7 DEC, 2013  
Step1: Get some sample leaves of maize crop. 
Step2: Cut into pieces and using the balance weigh the weight. See that it is 0.1 grams. Take three different sample 
leaves with respective weights such as 0.109 grams, 0.113grams, 0.101 grams. 
Step3: weighed leaves are further cut into smaller pieces and put into three different test tubes. 
Step4: put 7ml of dimethyl sulphoxide LR in each test tube 
Step5: Incubate them at 65 o c for 30 minutes. 
Step6: Take out test tubes and decant them.  
Step7: After decanting, add some more of DMSO in each of the test tubes so that in each test tube the solution is 
10ml. 
step8: Take them to chlorophyll meter. Make a blank setting to 100.00 either by distilled water or DMSO solution. 
Step9: set to 645nm. For this value, take a separate reading for each test tube content. 
Step10: Again go for blank setting for 652 nm. Take three readings for the same three test tube contents. 
Step11: similarly repeat the process for 663nm. 
Table 1. Transmittance values 
Sl.No 645nm(%T) 652nm(%T) 663nm(%T) 
1 47.2 38.0 17.3 
2 43.0 34.8 15.4 
3 45.7 37.3 17.3 
Step12: By referring a chart we get absorption values for corresponding transmittance values. This as shown in table 
1 &2 
Table 2. Absorption values 
 Sl.No 645nm(A) 652nm(A) 663nm(A) 
1 0.328 0.420 0.770 
2 0.367 0.459 0.824 
3 0.347 0.432 0.770 
 
Step13: Find average absorption value for A663 and A645. 
 ܣ͸͸͵ ൌ  ሺ଴Ǥ଻଻଴ା଴Ǥ଼ଶସା଴Ǥ଻଻଴ሻଷ ൌ0.788 
………………………………………………………………………………………(1.3) 
 ܣ͸Ͷͷ ൌ  ሺ଴Ǥଷଶ଼ା଴Ǥଷ଺଻ା଴Ǥଷସ଻ሻଷ ൌ0.347 
………………………………………………………………………………………(1.4) 
Step14: Find chlorophyll concentration (equation 1.7) using the following Arnon’s formula (equation 1.5 &1.6) 
a) Chlorophyll ܽ ൌ ሾሺଵଶǤ଻כ஺଺଺ଷሻିሺଶǤ଺ଽכ஺଺ସହሻሿ௏ଵ଴଴଴כௐכ௔   
……………………………………………………………………………………..(1.5) 
 where,  V = 10ml ,final volume of chlorophyll extract , W=Fresh weight of sample (g)=0.1g 
  a =  path length of light (1 cm) 
 
ܽ ൌ ሾሺଵଶǤ଻כ଴Ǥ଻଼଼ሻିሺଶǤ଺ଽכ଴Ǥଷସ଻ሻሿଵ଴ଵ଴଴଴כ଴Ǥଵכଵ  = 0.9074 
 
b) Chlorophyll ܾ ൌ ሾሺଶଶǤଽכ஺଺ସହሻିሺସǤ଺଼כ஺଺଺ଷሻሿ௏ଵ଴଴଴כௐכ௔  
………………………………………………………………………………………(1.6) 
 
                          ܾ ൌ ሾሺଶଶǤଽכ଴Ǥଷସ଻ሻିሺସǤ଺଼כ଴Ǥ଻଼଼ሻሿଵ଴ଵ଴଴଴כ଴Ǥଵכଵ  = 0.4259 
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Step15: Total chlorophyll=chl a + chl 
b…………………………………………………………………………………………….(1.7) 
   =0.9074+0.4259 
                =1.33mg/gm of fresh weight of leaves 
(b) Experiment conducted on 8 JAN, 2014  
Step1: Repeat the above mentioned steps: step 1 to step12 (as in Dec 2013) 
Step2:  
Table 3. Transmittance values 
Sl.No 645nm(%T) 652nm(%T) 663nm(%T) 
1 38.1 42.2 13.5 
2 39.3 41.2 14.3 
3 37.2 40.2 12.2 
By referring a chart we get absorption values (table4) for corresponding transmittance values (table 3). 
 
Table 4. Absorption values 
 Sl.No 645nm(A) 652nm(A) 663nm(A) 
1 0.419 0.378 0.815 
2 0.407 0.388 0.805 
3 0.428 0.398 0.828 
Step3: Find average absorption value for A663 and A645. 
Step4: Find chlorophyll concentration (equation 1.7) using the following Arnon’s formula (equation 1.5 &1.6) 
Step5: Total chlorophyll=chl a + chl b 
……………………………………………………………………………………………..(1.8) 
   =0.9239+0.5754 
   =1.5 mg/gm of fresh weight of leaves 
 
(c) Experiment conducted on 9 FEB, 2014  
Step1: Repeat the above mentioned steps: step 1 to step12 (as in Dec 2013) 
Step2:    Table 5. Transmittance values 
   645nm(%T) 652nm(%T) 663nm(%T) 
1 45.3 36.2 15.2 
2 40.0 35.8 14.5 
3 45.2 34.4 14.5 
By referring a chart we get absorption values (table 6) for corresponding transmittance values (table 5). 
 
 
Table 6. Absorption values 
 Sl.No 645nm(A) 652nm(A) 663nm(A) 
1 0.347 0.438 0.798 
2 0.400 0.442 0.805 
3 0.348 0.454 0.805 
Step3: Find average absorption value for A663 and A645. 
Step4: Find chlorophyll concentration (equation 1.7) using the following Arnon’s formula (equation 1.5 &1.6) 
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Step5: Total chlorophyll= chl a + chl b 
……………………………………………………………………………………………..(1.9) 
   =0.9206+0.4582 
   =1.38 mg/gm of fresh weight of leaves 
3. RESULTS 
Reflectance values of the pixel were taken corresponding to study area of 30 square meters. Then graph of 
reflectance data v/s bands was plotted in Fig 5- Fig 7. We find that for each of data set there is a high reflectance in 
green band (B3) and less reflectance in the other two bands i.e. in red (B4) and Blue (B2).It means in the successive 
growing stage there will be increase in the chlorophyll content in maize leaves. 
                                           
            Fig 3. Dataset of 7dec2013                                                             Fig 4. Cropped image contains study area 
 
Fig 3 shows the enhanced  image with RGB multispectral image and Fig 4 shows a 11x11  pixels of cropped image. 
This image is obtained  by using a freeware Tool called multispec. The study area is 30mx30m which has been 
denoted by pixel  in the 3rd row and 9th column  in the above image.The reflectance values of R,G,B are 73,85,36 
respectively.The below figure  Fig5 shows a  spectral line graph with the green being reflected highest. 
 
 
Fig 5. NDVI & high green reflectance for 7 dec2013. 
Also the value of NDVI is 0.3818 indicating  a good starting growth of crop. It means that there is high chlorophyll 
content indiactes good crop growth. 
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Fig 6. NDVI & high green reflectance for 8Jan2014.             Fig 7. NDVI&high reflectance for 9 Feb 2014 
Consider the next growing stage of the crop ,the dataset being 8 Jan 2014 as in the Fig 6. Here also we find that 
there is high reflectance in green band indicating the  high chlorophyll content meanig a good crop growth. Also 
NDVI  is  found to be 0.7338. 
Consider the third dataset of 9 Feb 2014. The study area whose spectral line graph is given below in Fig7.Here too 
we find that there is a  high reflectance in green band but this value is camparatively lesser than  other two 
datasets.Also NDVI is 0.6515. The decline in the NDVI value of this dataset is clear; because now the crop is in its 
near harvesting stage. Finally the below Fig.8 shows that NDVI values  versus chlorophyll 
contents.Chlorophyll(Chl) increases with increrase in  NDVI values [9,10]. At the harvesting stage of crop chl gets 
decreased as indicated by decrease value of NDVI.So it can be stated that NDVI is corelated with Chl content.The 
Chl values have been calculated Experimentally as given in the previous sections. 
              
Fig 8. NDVI v/s chlorophyll content                                   Fig 9. Experimental results 
The Fig 9 shows the Exprimental results  of chlorophyll content of maize crop leaves from the specified study area 
for three datasets.These experiments were conducted in laboratory. 
4. CONCLUSION 
With this work it can be concluded that one can monitor the large crop area remotely without being physically 
present at the field .By comparing the results obtained in different intervals, one can interpret the yield of the crop 
by measuring the chlorophyll content at each stage. This helps farmer to take care of their farms. Also better yield 
can be expected since primary productivity depends on all the three stages for good growth of crop. 
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